Condom promotion remains a key component of HIV prevention programs, complimenting recent successes in biomedical HIV prevention. Although condom use has increased in much of East Africa, it remains substantially below optimal levels. Negative rumors about condoms have been documented in East Africa, yet the prevalence and effects of belief in the negative rumors have not been explored. This study evaluated levels of belief in negative rumors about condoms, developed a Negative Condom Beliefs Scale, and assessed its accuracy in predicting willingness to use condoms. A cross-sectional, cluster survey (n=370) was conducted representing adults in two rural districts in Northern Tanzania in 2008. Item agreement ranged from 35-53% for the following rumors regarding condoms: causing cancer, having holes, containing HIV, having worms, and the worms causing HIV. Items loaded on a single latent factor and had high internal consistency and convergent validity. In a multivariate model, negative condom score (AOR=0.67, 95% CI=0.6, 0.8) was the strongest single predictor of willingness to use condoms, followed by greater perceived anonymity in acquiring condoms (AOR=4.36, 95% CI=2.2, 8.6) and higher condom self-efficacy (AOR=4.24, 95% CI=2.0, 8.9). Our findings indicate high levels of subscription to negative beliefs about condoms, with two out of three respondents affirming belief in at least one negative condom rumor. This study highlights the relation between condom rumor beliefs and willingness to use condoms, and indicates avenues for future research and means for improving the design of HIV prevention programs.
Introduction
In addition to recent successful biomedical HIV prevention strategies such as circumcision (Gray et al., 2007) and anti-retroviral treatment (Cohen et al., 2011) , condoms remain an important component of HIV prevention programs. Reflecting this importance, condom promotion is a required part of HIV testing and counseling provided in tandem with ARV treatment and medical circumcision programs (Herman-Roloff et al., 2011; National AIDS and STI Control Programme, Kenya, 2008) .
Despite these requirements, condom promotion interventions in low-income settings have shown mixed success in controlling the HIV epidemic (Foss et al., 2004; Potts et al., 2008) . In Cambodia and Thailand, the 100% condom program targeting sex workers has been identified as the main reason for declining HIV prevalence (Rojanapithayakorn, 2006) . In other settings, increased condom use has contributed to HIV prevalence declines, but has not served a primary role in epidemic changes (Potts et al., 2008) . In Eastern Africa, however, increasing the level of condom use in high HIV prevalence settings has proven to be challenging. Despite a barrage of social marketing supporting condoms, use at last sex with non-marital, non-cohabiting partners is below 50%, and use at any last sex is below 20% in Kenya, Malawi, Tanzania and Zambia (MEASURE DHS, 2011) . These rates remain low despite HIV prevalence levels ranging from 6-14% in these countries (UNAIDS/WHO, 2009a) . For purposes of comparison, the United States has similar condom use rates, 41% and 31% respectively, while having an HIV prevalence of less than 0.5% (MMWR, 2008; Reece et al., 2010) .
New data indicate that low condom demand, rather than low condom supply, is the primary factor limiting condom uptake in Eastern Africa (Papo et al., 2011) . A recent visit by the author to a rural Tanzanian District Hospital confirmed this; with tens of thousands of condoms donated by an international agency piled in his office, the head doctor explained that about one individual each month came to pick up the free condoms.
Self-reported condom use, which could be considered a proxy for the combination of supply and demand, has been associated in low-income settings with socio-demographic variables, HIV risk perception, HIV knowledge, partner-related variables, self-efficacy and condom expectancies. The socio-demographic variables of more education (Baker et al., 2010; Bogale et al., 2010; Cherutich et al., 2008; Maharaj & Cleland, 2005; Msamanga et al., 2009) , female gender (Papo et al., 2011; Schaalma et al., 2009) , being unmarried (Bogale et al., 2010; Cherutich et al., 2008) , older age (Cherutich et al., 2008) and non-Christian religion (Bogale et al., 2010; Maticka-Tyndale & Tenkorang, 2010) are positively associated with condom use. Whether they reflect life stage, such as age and marital status, or structural factors such as gender, education and religion, socio-demographics are difficult targets for short-term HIV prevention programs.
HIV risk perception has frequently been associated with condom use (Cherutich et al., 2008; Maharaj & Cleland, 2005; Schaalma et al., 2009; Tassiopoulos et al., 2009; Thorpe et al., 1997) . This association is supported by a meta-analysis that found that programs targeting high-risk populations, such as commercial sex workers/clients and male transport workers, had more success increasing condom use than programs targeting general populations (Foss et al., 2007) . The association between HIV knowledge and condom use is less clear, with some studies finding a positive association (Ford et al., 2000; Maticka-Tyndale & Tenkorang, 2010) and others no association (Kabiru & Orpinas, 2009; Zellner, 2003) .
Partner-related variables are often related to condom use, as condom use decisions are rarely made in a vacuum. These variables encompass partner condom norms (Heeren et al., 2008) , sexual decision-making empowerment (Lema et al., 2008; Tassiopoulos et al., 2009 ), interpartner communication (Adebiyi & Asuzu, 2009; Hendriksen et al., 2007) , and self-efficacy of an individual to communicate to their partners (Hendriksen et al., 2007) . Condom selfefficacy (a person's confidence in their own ability to use condoms) is also correlated with condom use in numerous studies (Babalola, 2006; Bogale et al., 2010; Kabiru & Orpinas, 2009; Maticka-Tyndale & Tenkorang, 2010; Schaalma et al., 2009; Thorpe et al., 1997) .
Negative condom expectancies, also termed condom attitudes, are associated with lack of condom use in low-income settings (Kabiru & Orpinas, 2009; Maharaj & Cleland, 2005 ). Yet factors underlying negative condom beliefs in Africa are little understood. A qualitative study by Thomsen and colleagues (2004) identified 50 different negative condom beliefs held by men in Kenya, yet no ensuing research has identified which beliefs are most prevalent and whether they impact condom use. Current quantitative condom measures provide limited explication of negative beliefs because they address general approval, such as "using condoms will protect me from HIV" (Bogale et al., 2010) , rather than specific beliefs regarding why condoms are perceived negatively. The lone exception is measurement of condom hedonistic beliefs, an actionable factor through interventions eroticizing condoms, which has been found to correlate to condom use (Heeren et al., 2008; Twa-Twa et al., 2008) . Gaining a better understanding of factors that make condoms undesirable may have an important role to play in improving intervention designs.
During fieldwork for an HIV prevention study in Tanzania (Khumalo-Sakutukwa et al., 2008) , youth told study staff about several negative rumors regarding condoms. The most detailed rumor specified: (1) condoms contain worms, (2) worms are a fact because they will appear if you leave a condom in the sun and (3) the worms in condoms cause HIV. We found this rumor to be common in many areas of Tanzania; it was present in rural Kisarawe District, remote northern Ngorongoro District, and Dar es Salaam. Discussion with colleagues in South Africa, over 2,000 miles from the site of our initial discovery, revealed they have encountered the same worm rumor (Personal communication, N. Christofides, Dec. 12, 2011) . The impact of rumors may be important, as these two countries alone account for over 90 million people, and over 7 million people living with HIV/AIDS (The World Factbook 2009 , 2009 ). The present study uses the Negative Condom Beliefs Scale (NCBS or negative condom scale) to provide the first quantitative description of belief in such specific condom rumors and to assess whether such beliefs are associated with decreased willingness to use condoms.
Methods

Study Design
A cross-sectional, geographically stratified cluster survey of behaviors and beliefs related to HIV transmission was conducted among 370 Maasai residents of Siha and Ngorongoro Districts in Northern Tanzania. The present study was one component of a larger survey of HIV-related behaviors among the Maasai of Tanzania. Siha and Ngorongoro Districts were selected as they were predominantly Maasai, and they provided a diverse sample of Maasai sections (clans). All areas in both districts were eligible for selection with the exception of the Ngorongoro Conservation Area, which was excluded due to local conservation restrictions. The sampling frame consisted of a list of local "ten-cell" leaders; such ten-cell leaders are the lowest level of political administration in Tanzania, each representing a unique set of 6-24 households. The leader list totaled 955, and was obtained from village offices and updated based on consultations with sub-village and village leaders.
An adequate sample size for regression analyses (Faul et al., 2007) was determined with alpha set at .05 and power at .80. As this was an exploratory study, a moderate sized R 2 of . 18 was used to determine the effect size f 2 used in the calculation of the sample size. Based on the inclusion of approximately 23 predictors in the model, the needed sample was 120. Due to the cluster based sampling, a conservative design effect of 3 was used to inflate the target sample size to 360. To achieve a target sample of 360, random selection for participation occurred at three levels: 37 local leaders were randomly selected from the sampling frame, 11 households were randomly selected from each local leader's jurisdiction (for areas with <11 households, we sampled nearest neighboring unit), and one adult member was randomly selected from each household. For those consenting to participate, face-to-face interviews were conducted by native Maa speakers.
Ethical Considerations
Permission to conduct the study was obtained from the Tanzanian government at the national level (the Committee on Science and Technology and the National Institute for Medical Research), the regional level (Arusha and Kilimanjaro Regional Secretaries) and the District level (District Medical Officers). We also received clearance from Emory University's Institutional Review Board. Moreover, we obtained permission from traditional leaders in the national council of the Maasai (MARIA/Oreteti Loongaek) and from the Ngorongoro Conservation Authority. Consent forms were translated from English to Maa, and back-translated to check for accuracy. Interviewers were trained using Family Health International's Research Ethics Training Curriculum for Community Representatives (Rivera et al., 2004) .
Setting and Inclusion Criteria
The Maasai, a semi-nomadic and cattle-herding tribe with an estimated 1 million members (Phillips & Bhavnagri, 2002) , are predominantly located in Northern Tanzania and Southern Kenya. Clinic-based HIV prevalence estimates among the Maasai range from 4-8%, which is in line with general estimates of HIV prevalence in rural Tanzania (UNAIDS/ WHO, 2009b) . This study was part of a broader behavioral survey addressing the intersection of Maasai culture and HIV risk. Inclusion criteria were membership in the Maasai tribe and either age 18-60 or membership in an eligible age-set group (see Measures section below).
Measures
All measures were team-translated from English to the Maa language, and a second translation team back-translated from Maa to English. Following revisions, the instrument was adapted through cognitive interviews designed to improve item comprehensibility and to clarify how to best map foreign concepts onto local language.
All socio-demographic variables, with the exception of age, were adapted from the Tanzanian Demographic and Health Survey (DHS) (National Bureau of Statistics: Tanzania and ORC Macro, 2005) . Traditionally, the Maasai measured life solely in terms of a lifecycle system of age-sets, rather than using the metric of years of age. For males, age-sets are roughly 15-year units (Spencer, 2003) : boyhood (0-15), moran or warrior (16-30), young elders (31-45), firestick patrons (46-60), retired firestick patrons (61-75), and aging elders (76 and above). For male participants unaware of their age in years, we considered warriors, young elders and firestick patrons to be eligible for the study; for purposes of analysis, we assigned them respectively to age groupings ≤30, 31-45 and >45. As females are not assigned age-sets, we categorized them into parallel categories, based on the age-set in effect when they were born (this is possible because each age-set group is given a unique name).
HIV risk perception was measured by number of non-marital partners, using the time periods of previous year and lifetime. Number of non-marital partners served as a proxy for HIV risk perception, as we sought to measure behavioral actuation of risk perception, thus addressing internalized, subconscious levels of risk calculation. Number of non-marital partners was ascertained based on strategies employed by Jewkes et al. (2002) to increase accuracy of partnership reporting. This resulted in seven local partnership categories, roughly translated as (1) pre-marital boy/girlfriend, (2) extramarital lover, (3) partner from a night-dance for warriors and girls (esoto), (4) traditional ceremony partner (emaho), (5) partner met at bar, (6) shared spouse and (7) (Brafford & Beck, 1991) , because they assess general condom attitudes and expectancies as measured below.
Negative Condom Belief Scale-To develop the scale, we derived expectancies from thirty semi-structured qualitative interviews. Six commonly held negative beliefs about condoms were found: 1) new condoms contain worms, 2) the worms in condoms cause HIV, 3) new condoms have holes, 4) new condoms have HIV inside, 5) condom use can cause cancer and 6) using condoms is like eating candy in the wrapper, there is no pleasure. The scale included a reverse-worded item, namely condoms prevent HIV, which was reversecoded for final scoring. Participants in semi-structured interviews also frequently expressed concern regarding anonymity in obtaining condoms. We assessed perceived anonymity of condom acquisition, "At the closest place where you could get condoms, do you feel that people getting condoms have: Complete privacy, Some privacy or No privacy?" All measures developed from semi-structured interviews were subsequently refined based on findings from three rounds of cognitive interviews, a survey item analysis method specified by Beatty and Willis (2007) .
The dependent variable in the analyses, willingness to use condoms, was measured with the item: "If condoms were affordable, accessible, and my partner was ready to try them, I would use them." Willingness to use condoms, rather than actual condom use, was selected as the dependent variable, because levels of condom use were too low (3% of participants) to allow for sufficiently powered analyses. As the purpose of this study is to assess internalized condom rumor impact, we sought to ameliorate the known influence of partnerrelated variables and any potential supply-side influences by allowing participants to assume (based on item wording) a compliant partner and easy condom supply.
Data analysis plan
Preliminary analyses included assessment of descriptive statistics of scale items. We assessed scale validity by determining whether the scale loads on a single factor through exploratory factor analysis, using an oblique geomin rotation, calculated with weighted least squares mean and variance adjusted estimation. The model was built from a tetrachoric correlation matrix in order to account for dichotomously scaled items. Factor loadings for each scale item were considered, along with the percent variance of each item explained by the factor analysis, to determine items selected for inclusion in the final scale. Predictive validity of each scale item was assessed with correlational analyses using willingness to try condoms.
Cronbach's alpha was used to assess internal scale reliability. Demographic, cultural, and HIV-related variables were initially analyzed with proportions and means, followed by analysis of proportions and univariate associations of items in the Negative Condom Beliefs Scale. A multivariate logistic regression was conducted to assess predictors of willingness to use condoms. All analyses were conducted in STATA 11.2, except the factor analysis, which was conducted in MPLUS 6.1. All analyses were adjusted to account for the clustered survey design. Table 1 shows that between 35% and 53% of respondents agreed with each negative condom rumor: condoms cause cancer (35% agreement), condoms have holes (53%), condoms contain HIV (47%), condoms contain worms (49%), and the worms in condoms cause HIV (49%). One reverse-worded item, condoms prevent HIV transmission (55% agreement), was also included in the final scale (values were reverse-coded for the composite score). The belief that using a condom is like eating candy in the wrapper, excluded from the final scale (see below), was supported by the majority of respondents, indicating most respondents held negative hedonistic beliefs. Nearly two out of three respondents (65%) agreed with at least one negative rumor included in the final scale.
Results
Item Analyses
Scale dimensionality, predictive validity and internal consistency
Exploratory factor analysis indicated a unidimensional scale, and supported including all items except the hedonistic item (condoms are like candy) in the final scale. The scree plot indicated loading on one factor, and this conclusion was supported by all eigenvalues for multi-factor models being below one. Item factor loadings above 0.4 and percent of variance explained above 20% indicated appropriate item fit for all items in the final model. Fit indices indicated good EFA model fit for the final scale. Hu and Bentler (1999) recommend reporting the standardized root mean square residual (SRMR) with values below 0.08 indicating good fit and the comparative fit index (CFI) with values above 0.90 indicating good fit. For the final EFA, SRMR=0.059 and CFI=0.996 both suggest that the model produced good fit.
Correlations indicated predictive validity. For four out of six final items, univariate χ 2 associations with willingness to try condoms were significant at p<0.01. The two nonsignificant relationships were in the predicted direction. A total of seven people among the 370 sampled reported ever using a condom, so cells were too small to perform χ 2 analyses on this outcome. Cell counts indicated item validity, however, as five of six scale items had all seven condom users report no negative condom beliefs.
Internal scale consistency in this sample, as measured by Kuder-Richardson 20, was high for the entire sample and across demographic groups. For the whole sample reliability was 0.88, which is above the 0.7 cut-off. It was similarly high for those with no education (0.89) and those with some education (0.86), for those aged 30 or under (0.89) and those over 30 (0.88), and for males (0.77) and females (0.93).
Out of 370 survey participants, 268 (72%) completed all six items and 308 (83%) completed at least five of the six. The majority of incomplete items involved "don't know" responses, which were coded as missing. For participants who completed all but one item, simple mean imputation was conducted for missing scale values for the multivariate regression analysis. Scale variables were summed to create a final negative condom score, with higher scores indicating more negative condom beliefs.
Demographics and Negative Beliefs
As shown in Table 2 , few demographics were predictive of the negative condom belief scores; only male gender was a significant predictor (β=1.17, 95%CI: 0.4, 2.0). Roughly half the sample was female (53%), with 40% of respondents < age 30, 41% between 31 and 45, and 19% in the 46-60 range. Over half held traditional spiritual beliefs (59%); the balance was Christian. Most had no education (61%), were married (78%), and had a phone or radio (54%). Cattle were the principle source of wealth and savings among rural Maasai; about half (49%) reported less than 20 cattle, indicating negligible wealth. About one-third of respondents were in polygynous relationships. Male gender was predictive of willingness to use condoms (AOR=2.13, 95%CI: 1.2, 3.7), as was higher education (AOR=2.18, 95%CI: 1.1, 4.1); both demographic variables were controlled for in the final regression model predicting willingness to use condoms.
Condom use intentions predicted by negative condom beliefs
Predictors of willingness to use condoms are presented in Table 3 . Negative condom score was a significant predictor of condom willingness in both univariate and multivariate models. Anonymity of condom acquisition and condom self-efficacy were also significant, whereas items related to risk perception and HIV knowledge were not significant predictors.
Controlling for gender and education, the odds of willingness to use condoms decreased by 33% for each one point gain in the six-point NCBS (AOR 0.67, 95%CI: 0.6, 0.8). Odds of willingness to use condoms was 4.36 times higher (95%CI: 2.2, 8.6) for individuals with some or complete perception of privacy in obtaining condoms, and was 4.24 times higher (95% CI: 2.0, 8.9) for those with perceived self-efficacy in applying a condom. Standardized regression values indicated that, in our model, the NCBS had the strongest value in predicting condom willingness (−0.39), followed by anonymity (0.31) and self-efficacy (0.26). Receiver Operating Characteristic (ROC) curves also demonstrated the utility of the negative condom score. ROC area scores allow for assessment of model fit; scores of 0.5≤ROC<0.7 suggest poor discrimination, 0.7≤ROC<0.8 adequate discrimination and 0.8≤ROC<0.9 excellent discrimination (Hosmer & Lemeshow, 2000) . The full model including NCBS (ROC=0.81, SD=0.03) fit significantly better (χ 2 =27.24, df=2, p<0.001) than the model that contained only the anonymity and self-efficacy variables (ROC=0.77, SD=0.03), and the self-efficacy only model (ROC area=0.69, SD=0.03).
Discussion
The results demonstrate remarkably high levels of negative condom beliefs, with two out of three respondents affirming belief in at least one condom rumor. Not surprisingly, belief in such unattractive condom rumors is negatively associated with willingness to use condoms. The two rumors relating to worms in condoms had the strongest negative univariate associations; we speculate that this may be due to the concrete visual nature of the rumor.
Individual NCBS items and the scale as a whole were consistently negatively associated with willingness to use condoms. In our multivariate model, the NCBS was the best single predictor of willingness. The second strongest predictor was perceived anonymity of condom acquisition. Risk perception and knowledge were relatively unimportant in comparison. Our study also found condom self-efficacy to be associated with willingness to use condoms, which echoes findings from other research (Babalola, 2006; Bogale et al., 2010; Kabiru & Orpinas, 2009; Maticka-Tyndale & Tenkorang, 2010; Schaalma et al., 2009; Thorpe et al., 1997) . Also, as in previous studies (Kabiru & Orpinas, 2009; Zellner, 2003) , HIV knowledge was not predictive of willingness to use condoms. HIV risk perception was also not a significant predictor. Other studies finding this variable significant frequently measured perceived susceptibility (Maharaj & Cleland, 2005; Schaalma et al., 2009; Tassiopoulos et al., 2009; Thorpe et al., 1997) . One potential limitation of this finding is that our measure for risk perception assessed actual risk, total number of sexual partners, which may not reflect risk estimation.
Results from survey scale items indicate a substantial underlying uncertainty regarding the utility of condoms. At first glance, it might seem contradictory that 65% of respondents agreed with at least one negative rumor, yet 55% agreed that condoms prevent HIV. This could be a comprehension issue, yet extreme item agreement (98% have heard of HIV) and disagreement (3% ever condom use) in expected directions indicate good comprehension of survey items. In addition, multiple rounds of cognitive interviewing should have exposed problems with individual item comprehension if such problems were present. Acquiescence bias likely explains a portion of this contradiction; seven percent of respondents agreed with all items (including reverse coded items) in the scale. Yet this still leaves a large number of respondents (13%) who gave answers that seem contradictory. One possible explanation is that some respondents believe condoms are dangerous but also that they provide a level of protection. Another potential explanation is that some respondents might be uncertain about whether condoms work and also about whether condom rumors are true. The latter view is supported by the large number of respondents providing "don't know" responses to at least one scale item (28%), despite "don't know" not being an option read aloud by interviewers. If uncertainty regarding condom rumors contributes to the contradictory data, it could indicate negative condom beliefs are not indelible, but rather might be amenable to change.
Our results underscore the importance of developing locally appropriate items for behavioral studies in international settings. Locally developed items can augment previously validated scales and instruments. For our study, this was done through a qualitative assessment that informed development of items such as those used on the NCBS. The value of this process is seen in the regression model predicting willingness to use condoms, which considered three independent variables developed for our study and thirteen independent variables derived from previous scales or instruments. Out of three non-demographic predictors in the final regression model, two (NCBS and perceived anonymity in purchasing condoms) were among the three variables developed specifically for our study's population. While DHS surveys allow for cross-country comparison, and thus have an important role in program design, surveys aimed at incorporating location-specific information may also play an important role in developing effective HIV prevention interventions.
The variables we found to be associated with willingness to use condoms, including negative condom beliefs, self-efficacy, and perceived anonymity in obtaining condoms, are modifiable. Perhaps most easily remedied is perceived privacy, which could largely be addressed via structural changes at condom point of service venues. Strategies for increasing condom self-efficacy and decreasing belief in condom rumors may be targeted through other HIV-related services, including Voluntary Testing and Counseling (VCT) and HIV education conducted in school or community settings. Negative condom beliefs may also be addressed directly. When meeting with local leaders about an HIV prevention program, we left condoms in the sun for later inspection. Post-meeting inspection revealed that condoms did not grow worms, effectively beginning the process of debunking the worms rumor in that community.
Limitations
This study was cross-sectional, so relations should be interpreted as associations that might or might not be causal. The study was conducted in Northern Tanzania among members of the Maasai tribe, and despite discovery of the same condom rumors in other areas, study results might not generalize to other populations. Condom use was low in the study population, so our outcome was willingness to use condoms, an imperfect proxy for actual condom use. Condom use could have affected condom perceptions, rendering uncertain the generalizability of the findings to populations with higher levels of condom use. The survey was translated from English into a transliterated Maa, and thus errors in translation may have impacted results despite efforts to mitigate this effect that included team translation, back-translation and cognitive interviewing. An unexpected difficulty of face-to-face interviewing was that interviewers had trouble smoothly articulating the transliterated survey instrument. Although all interviewers were fully fluent in Maa, sounds in Maa do not always have a direct Roman-alphabet equivalent. To alleviate this issue, we standardized how different sounds were transliterated, and then provided intensive workshops for interviewers to practice reading the transliterated Maa-language instrument.
Conclusions
Our study indicates the pervasiveness of belief in negative condom rumors in the study population, and finds an association between these beliefs and lower willingness to use condoms. Development of the negative condom belief measure provides an important tool for future research. The six-items loaded on a single factor, had high internal consistency, and predictive validity.
• First study to assess prevalence of negative condom rumors in East Africa • Rumors such as condoms contain worms are trusted by the majority of participants 
